Abstract. Ulysses measurements of the solar wind electron heat flux as a function of heliographic latitude are presented. Contamination from alight leak at the highest latitudes has been removed from the data by interpolating between uncontaminated pixels. After normalization by the radial gradient in the electron heat flux obtained during the inecliptic phase of the Ulysses mission, the electron heat flux is essentially constant from -800 to 80° of heliographic latitude. During brief periods of the fast latitude scan, both uncorrelated and anti-correlated modulations of the electron heat flux and the solar wind velocity are observed. The implications of the observations with regards to different models of electron heat flux regulation are discussed.
Since electron heat flux essentially arises from asymmetry in the electron velocity space distribution, one interpretation of the data is that some mechanism, perhaps a wave-particle interaction, thermalizes the high energy electrons that carry the bulk of the electron heat flux by scattering them into the core electron population [Gary et al., 1994] . Other authors have suggested that the reduction in electron heat flux can be attributed entirely to the effect of the interplanetary potential [Scudder and Olbert, 1979a] . The high latitude portion of the Ulysses mission during solar minimum (1994 through 1995) provides an opportunity to investigate each of these hypotheses without the complications arising from the corotating interaction regions and coronal mass ejections that dominate the low latitude, in-ecliptic solar wind [Gosling et al., 1995; Phillipsetal., 1995] .
With the assumption that the temporal changes in the radial gradient of the solar wind electron heat flux over a five-year period are ignorable, the effect of the changing heliocentric distance can be removed from the polar pass data. However, before the high latitude electron heat flux data could be analyzed, the effect of a light leak in the instrument had to be removed. The details of the light leak correction, the raw high latitude electron heat flux data, the normalized high latitude electron heat flux data, and the implications for different hypotheses concerning the regulation of the electron heat flux are discussed in the following sections of this paper.
I. Introduction
The Ulysses mission has provided a unique opportunity to examine both the macrophysics and microphysics of the solar wind over a wide span of interplanetary distance and solar latitude. Analysis of U1ysses in-ecliptic solar wind measurements demonstrated that the energy flux conducted by the electrons, the electron heat flux, is actively dissipated as the solar wind expands into interplanetary space [Scime et at., 1994b] . This is consistent with observations at 1 AU [Montgomery, 1971 [Montgomery, , 1972 Hundhausen, 1969; Hollweg, 1974; Feldman et al., 1976a Feldman et al., , 1976b and from 0.3 to 1 AU using the Helios 1 and 2 spacecraft [Pilipp et al., 1990 ] that found the electron heat flux to be significantly smaller than expected for one-and two-fluid models of coronal expansion. These models included a collisional electron heat flux (see, for example, Sturrock and Hartle [1966] , and Hundhausen [1972] ) along the local magnetic field given by 2. Instruments and Analysis Throughout the Ulysses mission, three-dimensional measurements of the solar wind electron distribution are obtained with the Solar Wind Observations Over the Poles of the Sun (SWOOPS) instrument [Bame et al., 1992] . The SWOOPS electron spectrometer is a spherical-section electrostatic analyzer that uses channel electron multipliers (CEMs) to count electrons discretely. A full description of the instrument is given by Bame et al. [1992] . The detector array comprises seven CEMs arranged in a fan with the center CEM pointing perpendicular to the spacecraft spin axis, which continuously points at the Earth. This arrangement allows the determination of a three-dimensional velocity space distribution, with the other two dimensions accounted for by the spacecraft spin of five revolutions per minute and by stepping in energy. Over 95% of 41t-steradians of solid angle are covered and the energy range of the instrument is 1.6 to 862 e V. Each electron spectrum takes 2 minutes to measure and includes 20 logarithmically spaced energy steps. One out of every three spectra returned is fully three-dimensional in velocity space. We have used three-dimensional phase space densities exclusively in this study and have corrected the data for spacecraft charging effects with a technique that accounts for the deflection of the electron trajectories due to the photoelectron sheath structure [Scime et al., 1994a] . This spacecraft qlle(r) = -I(IlVIITe(r) (I) where ICII is the Spitzer-Harm electron thermal conductivity [Spitzer and Hiirm, 1953] along the field.
It is important to note that the original discussions of the "missing electron heat flux" issue were based on comparing these early measurements to expectations for a collisional form for the electron heat flux. The Ulysses in-ecliptic measurements demonstrated that regardless of the magnitude of the electron heat flux at 1 AU, the decrease in the electron heat flux with heliocentric distance was stronger than what would be expected for collisionless expansion along the interplanetary magnetic field. Thus, the Ulysses in-ecliptic data indicate an active process that reduces the electron heat flux during the expansion of the solar wind [Scime et al., 1994b] . heat fluxes directed nearly radially will be artificially increased or decreased as the interpolation algorithm directly manipulates spin pixels containing electron heat flux data. The azimuthal (spin) angle for the light leak is easily identified in the high energy electron steps ( Figure I ) and the contaminated data are replaced by interpolated values based on the data two spin steps to either side of the contamination. The interpolation is done for all energy steps. Since the dominant natural feature along the Sun-spacecraft axis is the anti-sunward drift of the core electrons, those data for which the bulk electron drift velocity was significantly different from the ion bulk velocity were also excluded from this study. Contour plots in magnetic field coordinates of an uncorrected electron distribution and an interpolated electron distribution are shown in Figure 2 . The artificial "tails" at high velocity in Figure 2a result from the light leak at particular spin angles. The "tail" feature appears on both sides of the magnetic field direction, the x-axis, because the plane chosen for the perpendicular direction is tilted with respect to the plane of the seven electron detectors. The overall asymmetry in the repaired distribution of Figure 2b remains evident and results in a measurable electron heat flux along the local magnetic field. where u = v -<v>. Only those data for which the electron heat vector lay within 25° of the average magnetic field direction were used. Data for which either the RMS amplitude of the magnetic field changed by more than 10% or the RMS vector direction varied by more than 25° during an electron distribution function measurement were also excluded from analysis.
At high latitudes, above approximately:t: 35° degrees, there is a light leak into the electron instrument when the instrument aperture faces toward the Sun. Although the light signal is only a modest perturbation on the high-count rate, low energy electron data, it completely overwhelms the low count rate, high-energy electron data. Nearly all the electron data above :t: 35° is contaminated. Since the electron heat flux is aligned with the local magnetic field and the high latitude solar magnetic field was expected to be dominantly radial, it was expected that any attempt to remove these "bad" spin pixels from the data would also eliminate the electron heat flux data. Fortunately, the large amplitude Alfven waves observed in the high latitude solar wind [Smith et at., 1995] contribute a significant non-radial component to the magnetic field direction. Therefore, the sunlight-contarninated pixels can be excluded from analysis by interpolating between adjacent, non-contaminated pixels without eliminating the heat flux data. This correction does introduce a number of systematic errors into the data. For example, electron heat flux data for instances of radially orientated magnetic fields are systematically ignored. In addition, the magnitude of electron 
High Latitude Electron Heat Flux
In a previous study [Scime et al., 1996] , the in-ecliptic electron heat flux was well fit by the relationship: qIle(R) = 12.3R-2.9 [.uWatts/m2 3)
Or equivalently, the radial scaling of the radial component of the electron heat obeyed qr(R) = 6. 4)
instead of decreasing as R-2. Although those results were based on data that excluded interplanetary shocks, the heat flux generated at a shock is detectable at considerable distances [Moldwin et al., 1993] . Thus, it is possible that the in-ecliptic data is not indicative of "true" solar wind microphysics. Below -40° southern latitude and above + 40° northern latitude, Ulysses was immersed in the high-speed solar wind emanating from the polar coronal holes [Phillips et al., 1995] . The choice of :f: 40° is conservative. High-speed solar wind was observed at lower latitudes, but shocks due to CME's and other phenomena also occurred more frequently at lower latitudes. In this study, the emphasis will be on measurements above :f: 40°, making it less likely that shock related events influence the interpretation of the electron heat flux data.
The magnitude of the electron heat flux as a function of heliographic latitude is shown in Figure 3a . At the higher latitudes, there is a noticeable decrease in the electron heat flux. However, the heliocentric distance of the Ulysses spacecraft ranges from 1.3 to 2.3 AU during the interval covered by Figure 3a . To acc.:ount for the variation in heliocentric distance, the same data of Figure 3a multiplied by R2.9 is shown in Figure 3b . After accounting for the heliocentric distances variation with the in-ecliptic radial scaling, the average normalized electron heat flux remains nearly constant throughout the entire fast latitude scan. There may be a slight increase with increasing heliographic latitude. Note that although the average solar wind speed changes sharply from high-speed (-800 km/s) to low-speed (-400 km/s) around :t 30°, there is no corresponding change in the magnitude of the electron heat flux. Some models of solar wind expansion suggest that the solar wind speed and the electron heat flux should be intimately related. For example, the electron heat flux that arises in the kinetic theory-based model of Olbert [1979a, 1979b] results from the parallel electric field that is also responsible for extracting the solar wind from the corona. Thus, solar wind speed and the electron heat flux depend on the observer's position in the heliospheric system, i.e., on the local value of the interplanetary potential. Supportive evidence for such a model has been found from in-ecliptic measurements of electron heat flux and solar wind speed near high speed streams [Scudder and Olbert, 1979b; Feldman et al., 1975] and in observations that the electron heat flux is lower on average in high-speed flows than in low speed flows [Rosenbauer et al., 1977] .
The heat flux regulation model proposed in Gary et al. [ 1994] suggests that the growth of whistler heat flux instabilities limit the electron heat flux. In that model, the maximum allowable electron heat flux generally increases with increasing solar wind speed. Thus, the lack of a strong correlation of heat flux with solar wind speed (as evidenced by the data in Figure 3 ) may provide additional constraints on models of electron heat flux regulation in the solar wind.
The electron heat flux and the solar wind speed determined from the ion data are shown together in Figure 4 for two different portions of the fast latitude scan. The rapid change in solar wind speed from roughly 400 km/s to roughly 800 km/s occurs around a latitude of 20°. Although no significant trends were seen in Figure 3 , short periods of anti-correlated behavior, such as those shown in Figure 4a , do exist. However, as the example data of Figure 4b shows, the majority of the electron heat flux data show no clear correlation with solar wind speed -consistent with the general trend seen in Figure 3 .
The same electron heat flux and solar wind speed data shown in Figure 4a are plotted versus each other in Figure 4c . The correlation between solar wind speed and electron heat flux appears most pronounced for solar wind speeds less than 700 km/s. For solar wind speeds of 700 to 800 km/s, the heat flux is relatively constant. The correlation at the less frequent, lower solar wind speeds suggests that it is the modulations of the solar wind speed that are correlated with modulations in the electron heat flux, not the absolute solar wind speed.
Discussion
After nonnalization, electron heat flux data obtained during the fast latitude scan by the Ulysses spacecraft indicate little, if any, correlation between the electron heat flux and large-scale variations in the solar wind speed. If, as suggested by various models, the electron heat flux reflects the characteristics of the entire heliospheric system [Scudder and Otbert, 1979a] or is regulated by local stability constraints [Gary et at., 1994] , it may not be surprising the electron heat flux appears to be independent of solar wind physics near the Sun.
Short tenn variability in the electron heat flux does appear to be occasionally related to the solar wind speed and it is these periods that may provide a means of identifying the mechanisms responsible for regulating the electron heat flux. Further studies of the limits on electron heat flux due to the excitation of plasma instabilities are underway through additional Ulysses data analysis and laboratory experiments.
